1. Introduction
===============

Osteomyelitis and septic arthritis are 2 major forms of pediatric bone and joint infection primarily caused by bacterial infection. A study from French National Hospital Discharge Database showed that medical cost for pediatric bone and joint infection was €5,200 (\$5,900) per hospital day (mean 8.4 hospital days)^\[[@R1]\]^ and a study from US Nationwide Emergency Department Sample showed that mean charges per visit for admitted patients with septic arthritis was \$55,354.^\[[@R2]\]^

Osteomyelitis and septic arthritis can be catastrophic causing various degree of disabilities.^\[[@R3],[@R4]\]^ Prompt diagnosis and appropriate treatment are mandatory to minimize complications including avascular necrosis, growth disturbance, pathologic fractures, deep vein thrombosis, and sepsis.^\[[@R5],[@R6]\]^ In an effort to reduce such complications, advances in imaging techniques including magnetic resonance imaging has enabled early diagnosis of osteomyelitis and septic arthritis.^\[[@R7],[@R8]\]^ Development of new antibiotics and vaccination,^\[[@R9]\]^ along with advances in surgical techniques have improved the treatment outcome of the diseases.^\[[@R10],[@R11]\]^ In this respect, the epidemiology of bone and joint infection are expected to be evolutionary in nature.^\[[@R12]\]^

A few studies based on single center, population-based multicenter, or nationwide database have evaluated epidemiology of the osteomyelitis and septic arthritis in children. Such studies have evaluated the population of developed countries in North America or Europe,^\[[@R13]--[@R17]\]^ and underdeveloped countries in Africa or Oceania.^\[[@R18]--[@R20]\]^ The epidemiology including incidence and location of these 2 types of pediatric infections between developed countries and underdeveloped countries was significantly different.^\[[@R18]\]^

Despite such changing nature and regional difference in the epidemiology of bone and joint infection, epidemiologic studies of pediatric bone and joint infection have been done mostly by developed Western countries, and such results could be expected to be biased. In these circumstances, an epidemiologic study to identify the distinct features of an Eastern country would be beneficial to improve their health outcomes and to reduce health care cost. A study was planned to investigate the epidemiology of pediatric osteomyelitis and septic arthritis in South Korea and to find out epidemiologic factors related with the occurrence of surgery.

2. Methods
==========

2.1. Database
-------------

South Korea has a public medical insurance system which covers almost all patients. National Health Insurance (NHI) covers approximately 97% of the population.^\[[@R21]\]^ Health Insurance Review and Assessment Service (HIRA) databases is a government-operated organization that builds accurate review and quality assessment systems for claims for NHI. Claims data that healthcare service providers submit to HIRA for reimbursement for a service provided to patients are collected by HIRA. Because claims data for the remaining 3% of the population, who are covered by the National Medical Aid program, are also reviewed by HIRA, the HIRA database contains almost all inpatient and outpatient data from hospitals and community clinics in South Korea, respectively, making a nationwide population study feasible. In addition, the medical cost from diseases is reduced to at most 30% of total cost according to the economic status of the patients with help of this insurance system. As a result, the dependence on individual financial status in the accessibility of medical aid is greatly reduced. Such wide coverage and lower insurance rates make HIRA reliable for this epidemiologic study.

The data generated by HIRA are from the claims payments made during patient visits or admissions to medical institutions, and include patient demographics (gender, age, living area), and clinical data (diagnosis, procedures, and prescriptions). Access to HIRA data is regulated by the Rules for Data Exploration and Utilization of the HIRA, and we used data with the approval of the HIRA data access committee. All data were delivered anonymously, and no researchers had access to any potentially identifying personal information, including names, addresses, and date of birth.

This study was approved by the institutional review board (IRB) of the Kangdong Sacred Heart Hospital (IRB No. 2017-11-008-002).

2.2. Study population
---------------------

We conducted a cross-sectional study among hospitalized pediatric patients (\<18 years old) with osteomyelitis and septic arthritis using nationwide cohort based on the HIRA from January 2008 to December 2016. According to previous reports,^\[[@R16],[@R17]\]^ we selected any hospitalization with a principal or secondary diagnosis of osteomyelitis and septic (pyogenic) arthritis. International Classification of Disease 10 (ICD-10) codes included M00 (pyogenic arthritis), and M86 (osteomyelitis).

As with the previous reports,^\[[@R16],[@R17]\]^ the infection of spine was not included in the analysis because the incidence of spine infection is much lower than other site of bone and joint infect in pediatric patients,^\[[@R22]\]^ and it could not be clearly classified into osteomyelitis or septic arthritis.^\[[@R22]\]^ The affected sites of osteomyelitis and septic arthritis were identified using ICD-10 codes, and divided into shoulder (MXX.X1), upper arm (MXX.X2), forearm (MXX.X3), hand (MXX.X4), pelvic or thigh (MXX.X5), lower leg (MXX.X6), and ankle or foot (MXX.X7). The exact bone or joint of infection could not be identified using ICD-10 coding, and the affected sites were finally divided into the 2 groups; upper extremity and pelvis and lower extremity.

2.3. Investigation of epidemiologic factors
-------------------------------------------

Despite controversy about the influence of physical activity on bone and joint infection,^\[[@R23],[@R24]\]^, physical activity is regarded as a reliable etiologic factor related with pediatric bone and joint infection. Individual physical activity of pediatric population is strongly affected by season, and we hypothesized that the hospitalization rates might have an association with season. Seasons at diagnosis were categorized as spring (March--May), summer (June--August), fall (September--November), and winter (January, February, and December).

Region of residence at diagnosis was categorized as urban and rural according to the previous study.^\[[@R25]\]^ Among the 16 administrative districts where this survey was conducted, Seoul (the capital city of South Korea) and the surrounding metropolitan area (Gyeonggi), and 6 other metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) of South Korea were grouped as urban areas. The remainder of the regions (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) were grouped as rural areas.

2.4. Statistical analysis
-------------------------

The number of hospitalized pediatric patients with osteomyelitis and septic arthritis were counted for each year during the study period (2008--2016). Estimated year-specific, and gender-specific populations in South Korea were obtained from the "Statistics Korea" website ([http://www.kosis.kr](http://www.kosis.kr/)).

Then, annual gender-specific hospitalization rates for osteomyelitis and septic arthritis were calculated from the population of each gender group in South Korea for a given study year (per 100,000 persons) (Fig. [1](#F1){ref-type="fig"}). Percentage of hospitalization according to the age was calculated by dividing the number of age-specific pediatric patients by the total number of pediatric patients during the study period (Fig. [2](#F2){ref-type="fig"}). Percentage of hospitalization by month was calculated by dividing the monthly number of patients by the total number of pediatric patients during the study period (Fig. [3](#F3){ref-type="fig"}). The ratio for hospitalization rates according to the region (rural/urban) during the study period was calculated as the ratio of the number of hospitalization due to osteomyelitis or septic arthritis divided by the mean number of population in each rural and urban area during the study period. Proportions of infection site was shown according to the age group (Fig. [4](#F4){ref-type="fig"}), categorized as infant (≤ 1 year), children (between 2 and 11 years), and adolescent (between 12 and 18 years). A linear-by-linear association test or chi square test was performed to assess the trend in epidemiologic data. Logistic regression analysis was performed to find out the association between epidemiologic factors and occurrence of surgery, and all variables in the univariate analysis were included in a multivariate logistic regression analysis. All analyses were performed with SAS Enterprise Guide (SAS Institute, Inc., Cary, NC). All statistical tests were 2-sided, and a *P*-value\<.05 was considered statistically significant.
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3. Results
==========

A total of 21,522 pediatric patients fulfilled the criteria during the study period. 7422 patients were diagnosed as osteomyelitis and 14,100 patients were diagnosed as septic arthritis.

3.1. Annual hospitalization rates because of osteomyelitis and septic arthritis
-------------------------------------------------------------------------------

Annual hospitalization rates (per 100,000) during the study period were 7.8 to 9.1 for osteomyelitis, and 11.9 to 20.8 for septic arthritis. Annual hospitalization rates due to osteomyelitis did not show any increasing or decreasing trend (Fig. [1](#F1){ref-type="fig"}). Although annual hospitalization rates for septic arthritis showed a decreasing trend between 2008 and 2013, the rate increased between 2014 and 2016 (Fig. [1](#F1){ref-type="fig"}). Male-to-female hospitalization rate during the study period was 1.8 for osteomyelitis, and 1.5 for septic arthritis. Annual hospitalization rate did not show any increasing or decreasing trends (*P = *.624 for osteomyelitis and *P = *.686 for septic arthritis).

3.2. Percentage of hospitalization according to age during the study period (2008--2016)
----------------------------------------------------------------------------------------

Percentage of hospitalization showed increasing trend with aging for both osteomyelitis and septic arthritis (Fig. [2](#F2){ref-type="fig"}). In osteomyelitis, there were 2 peaks of hospitalization percentage in age below 1 years and 12 years (Fig. [2](#F2){ref-type="fig"}A). Percentage of hospitalization showed increasing trends with age (*P \< *.001 for osteomyelitis and *P \< *.001 for septic arthritis). There were also significant increasing trends in male to female ratios with age (*P \< *.001 for osteomyelitis and *P \< *.001 for septic arthritis).

3.3. Percentage of hospitalization by month during the study period (2008--2016)
--------------------------------------------------------------------------------

Percentage of hospitalization was higher in spring including March, April, and May for osteomyelitis (Fig. [3](#F3){ref-type="fig"}), and the percentage decreased thereafter. In septic arthritis, there were 3 peaks in percentage of hospitalization in March, August, and December, and the percentage of hospitalization was lowest in January (Fig. [3](#F3){ref-type="fig"}). Percentage of hospitalization by month did not show trend (*P = *.642 for osteomyelitis and *P = *.916 for septic arthritis).

3.4. Comparison of the regional hospitalization rate during the study period (2008--2016)
-----------------------------------------------------------------------------------------

The ratio for regional hospitalization rate (rural: urban) was 0.9:1 for osteomyelitis and 1.2:1 for septic arthritis. Hospitalization rate was higher in urban area for osteomyelitis and higher in rural area for septic arthritis.

3.5. Proportions of infection sites according to age groups during the study period (2008--2016)
------------------------------------------------------------------------------------------------

Both osteomyelitis and septic arthritis were more common in pelvis and lower extremity rather than upper extremity in all aged groups (Fig. [4](#F4){ref-type="fig"}).

3.6. Annual rate of surgery due to osteomyelitis and septic arthritis during the study period (2008--2016)
----------------------------------------------------------------------------------------------------------

Around 2023 (27.5%) of 7348 (incomplete data in 74 cases) patients with osteomyelitis received at least one surgery during the period, and 2291 (16.4%) of 13972 (incomplete data in 128 cases) patients with septic arthritis received at least one surgery during the study period. Annual rate of surgery (per 100,000) during the study period were 1.3 to 1.8 for osteomyelitis, and 1.8 to 2.4 for septic arthritis. Annual rate of surgery due to osteomyelitis and septic arthritis did not show any increasing or decreasing trend. Logistic regression analysis was performed to identify the associations between age categories, gender, season at time of diagnosis, geographic region and surgery (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). After multivariate logistic regression analysis, younger age group including infants and children showed significantly lower odd ratios for receiving surgery than adolescent group in both osteomyelitis and septic arthritis (0.552 for infant and 0.918 for child in osteomyelitis, and 0.419 for infant and 0.822 for child in septic arthritis) (Table [2](#T2){ref-type="table"}). Male gender was also associated with lower risk for surgery in both osteomyelitis and septic arthritis (0.808 in osteomyelitis, and 0.764 in septic arthritis) (Table [2](#T2){ref-type="table"}). In addition, rural patient had significantly higher odd ratios for receiving surgery than urban patients (1.282 in osteomyelitis, 1.787 in septic arthritis) (Table [2](#T2){ref-type="table"}). There was no association between season at diagnosis and risk of surgery (Table [2](#T2){ref-type="table"}).

###### 

Univariate logistic regression for the association between age categories, gender, season at the time of diagnosis, region of residence and surgery.
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Multivariate logistic regression for the association between age categories, gender, season at the time of diagnosis, region of residence and surgery.
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4. Discussion
=============

From this nationwide epidemiological study from South Korea, annual hospitalization rates (per 100,000) in our country were 7.8 to 9.1 for osteomyelitis, and 11.9 to 20.8 for septic arthritis. The hospitalization rates for osteomyelitis were similar with those of developed countries including USA and European countries (Table [3](#T3){ref-type="table"}). However, the hospitalization rates for septic arthritis were even higher than those countries (Table [3](#T3){ref-type="table"}). In addition, the hospitalization rates of osteomyelitis and septic arthritis showed increasing trend with age (*P \< *.001 for osteomyelitis and *P \< *.001 for septic arthritis, Fig. [2](#F2){ref-type="fig"}), which was different from those patterns of the developed Western countries, which show high incidence in children aged under 5 years.^\[[@R26]\]^ The frequent sites of infection for osteomyelitis and septic arthritis were similar with those of the developed countries.^\[[@R16],[@R17]\]^

###### 

Incidence of ostemyelitis and septic arthritis according to the previous studies.
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According to the previous reports, incidence of osteomyelitis ranges from 0.7 to 196 per 100,000 children, with septic arthritis from 1.1 to 21.2 (Table [3](#T3){ref-type="table"}). Lower socioeconomic status such as over-crowding, poor hygiene, and sanitation have been proposed as causes of the increased infection rates,^\[[@R27]\]^ and the incidence was reported to be high in developing countries (Table [3](#T3){ref-type="table"}). However, these previous studies have greater risk of bias as an epidemiologic study. In addition to bias from their small sample size, specific data based on major hospitals or limited geographical areas could be strongly biased by patients' socioeconomic status and regional difference in medical resources.

Recently, 3 nationwide surveys in 2 Western countries including United States and France have investigated the epidemiology of osteomyelitis and septic arthritis in children.^\[[@R16],[@R17],[@R22]\]^ They reported that annual hospitalization rates ranged from 1.3 to 1.7/100,000 children for acute osteomyelitis, 10.2 for overall osteomyelitis, and 3.3 to 11 for septic arthritis. These results were grossly in line with the previous results (Table [3](#T3){ref-type="table"}). In their studies, they also confirmed male predominance of infection, and that the proportions of hospitalizations were high among children living in lower income areas, and that large bone joints at the lower limbs were the most frequently affected sites of infection. As a fourth epidemiologic study using national database based on ICD codes, the methodology of our study is thought to be reliable.

The most interesting finding of our study is the increased hospitalization rate for septic arthritis in South Korea, which was even higher than those of the developed Western countries and similar to underdeveloped areas of Oceania and Africa (Table [3](#T3){ref-type="table"}). On the other hand, most common site of septic arthritis in our country was pelvis and lower extremities, which is similar to the result of Western countries and different from the result of undeveloped areas such as Malawi, which showed shoulder was one of the frequent site for septic arthritis.^\[[@R18]\]^

Although identifying the cause of the increased hospitalization rate for septic arthritics is beyond the scope of our study, such conflicting result might be explained by the association with trauma. It is definite that major trauma including penetrating trauma or open fracture can lead to osteomyelitis.^\[[@R28]\]^ As one of the most rapidly developed country, the incidence of major trauma such as life-threatening traffic accident was greatly decreased in South Korea,^\[[@R29]\]^ which we might regard as a major cause of the similar hospitalization rates for osteomyelitis in South Korea compared with the developed countries. However, the increasing trend with age in the hospitalization rate of osteomyelitis and septic arthritis is also different from the pattern of developed Western countries, which show high incidence in children aged under 5 years.^\[[@R26]\]^ We guess that such trend could have resulted from remarkably decreasing birth rate becoming a social problem in our country.^\[[@R30]\]^ Such a low birth rate caused cultural overprotection of infants and children, which significantly reduced their physical activity. In other words, the increased hospitalization rates in adolescent group compared to the other lower age groups might be explained by relatively reduced physical activity and resultant decrease in trauma within the lower age groups. Interestingly, the hospitalization rate for septic arthritis was lowest in 2013, which might also correspond to the lowest occurrence for national road traffic accident of children in 2013 between 2010 and 2015 ([http://taas.koroad.or.kr](http://taas.koroad.or.kr/)).

This is the first study to explore the epidemiologic factors related with surgery for osteomyelitis and septic arthritis. Historically, early biopsy and surgery including debridement were recommended for osteomyelitis and septic arthritis despite little evidences.^\[[@R31]--[@R33]\]^ However, there is an increasing trend toward the success of medical treatment.^\[[@R31]--[@R33]\]^ According to the previous studies, the reported probability for surgical treatment is 17% to 34% for osteomyelitis,^\[[@R13],[@R34],[@R35]\]^ and 12% to 53% for septic arthritis.^\[[@R13],[@R33],[@R36]\]^ Our data from the nationwide database are also within these ranges (27.5% for osteomyelitis, 16.4% for septic arthritis). Compared with adolescents, infants and children had lower odd ratios for receiving surgery in both osteomyelitis and septic arthritis (Table [2](#T2){ref-type="table"}). Although the ratio for regional hospitalization rate was similar between rural and urban areas (0.9:1 for osteomyelitis and 1.2:1 for septic arthritis), patients in rural area had significantly increased odd ratios for receiving surgery than those in urban area (1.282 for osteomyelitis, 1.787 for septic arthritis) (Table [2](#T2){ref-type="table"}). There was no association between season at time of diagnosis and risk of surgery (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). Intriguingly, despite definite male predominance of osteomyelitis and septic arthritis (Table [3](#T3){ref-type="table"}), male children showed significantly lower odd ratios for surgery (0.808 for osteomyelitis, 0.764 for septic arthritis) (Table [2](#T2){ref-type="table"}). Inferring the cause of increased risk for surgery in female children is beyond the scope of our study. We can only guess that bone and joint infection in female children might have higher probability of non-traumatic origin including hematogenous spread from bacteremia or spread from local infection,^\[[@R37]\]^ and diagnosis might be delayed.

From the results of our study, health professionals engaging for the treatment of pediatric bone and joint infection should be aware the different hospitalization rates and age trends according to the countries, which have been uniformly known from the data of developed Western countries. In addition, the risks for receiving surgery were significantly higher in pediatric patients in rural area who were socially vulnerable groups and in female patients who have been known to have lower incidence rates than male patients. Therefore, policy makers and health professionals should pay more attention to such groups of patients.

The main limitation of our study results from the miscoding of disease by ICD in hospital records. The studies using nationwide database based on ICD coding could not be free from miscoding. However, all ICD coding in hospitalized patients are strictly reviewed by HIRA in our country due to government subsidy of at least 70% of the total hospital cost. Second, due to limited information resulting from equivocal ICD coding, we could not exactly identify the exact locations of infected bone or joint. Third, detailed patients' information, such as socioeconomic status, history of trauma, presence of previous surgery, symptoms, laboratory data including microorganism and complication was not available in the nationwide database, and such independent variables were not included in analysis. Fourth, hospitalization rates among the different countries cannot be theoretically compared as an actual incidence rate because of the difference in health insurance system, parental labour environments, and doctor\'s attitude to hospitalize diseased children. Therefore, the result of our study should be clinically applied with caution. Finally, the methodological bias resulting from the missing data should not be underestimated in the analysis of big data.

5. Conclusion
=============

The hospitalization rate of septic arthritis (11.9--20.8 per 100,000) in South Korea was higher than the Western countries (1.1--11 per 100,000), and the hospitalization rate of osteomyelitis (peak at 12 years) and septic arthritis (peak at 17 years) showed increasing trend with age, which was different from those of the developed Western countries showing higher incidence in children aged under 5 years. After multivariate logistic regression analysis, our study identified female gender, higher age group including children and adolescents, and rural residence as epidemiologic risk factors associated with surgery.
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